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CP Violation and Flavor SU(3) Breaking in D-meson Decays
David Pirtskhalava∗ and Patipan Uttayarat†
Department of Physics, University of California at San Diego, La Jolla, CA 92093
We carry out a systematic flavor SU(3) analysis of D-meson decays including the leading order
symmetry breaking effects. We find that SU(3) breaking can easily account for the recent LHCb
measurement of the difference in CP asymmetries in the decays of D0 intoK+K− and pi+pi− mesons,
once an enhancement mechanism, similar to the ∆ = 1/2 rule in neutral kaon decays is assumed.
As a byproduct of the analysis, one can make predictions regarding the individual asymmetries in
K+K−, pi+pi−, as well as the D0 → pi0pi0 decay channels. Moreover, we find that the asymmetry
in the decay D+ → pi+pi0 vanishes in the leading approximation.
I. INTRODUCTION AND SUMMARY
It is commonly believed that the amount of
CP violation (CPV) in D decays is small within
the Standard Model (SM) and any apprecia-
ble CPV effects would be an indication of new
physics. Nevertheless, what is meant by ‘small’
is uncertain because we lack tools to reliably
calculate matrix elements in QCD.
Recently the LHCb collaboration released a
3.5σ evidence for the difference between the
time-integrated CP asymmetries in the two D0
meson decay modes, D0 → K+K− and D0 →
π+π− [1],
ACP (D
0 → K+K−)−ACP (D0 → π+π−)
= −(0.82± 0.21± 0.11)%, (1)
where the asymmetry in the decay into a final
state f is defined as follows
ACP (D
0 → f) =
Γ(D0 → f)− Γ(D¯0 → f¯)
Γ(D0 → f) + Γ(D¯0 → f¯)
.
It was suggested in [2], that enhancement of
certain formally c-quark-mass suppressed pen-
guin diagrams can contribute significantly to
the measured asymmetry, while an extensive ef-
fective field theoretic analysis of operators, that
can possibly give rise to ∆ACP has been per-
formed in [3].
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In this note we carry out a systematic flavor
SU(3) analysis ofD-meson decays including the
leading order symmetry breaking effects due to
the nonzero strange quark mass ms.
The flavor SU(3) symmetry of quarks, al-
though not an exact symmetry of the low-
energy SM, has nevertheless proven to provide a
powerful tool for extracting information about
meson decays, more or less independent of the
details of the strong interactions. An SU(3)
analysis of D decay amplitudes, neglecting CP
violation and the difference between the s and
(u, d) quark masses, has first been carried out
in Ref. [4]. In [5] the approach was extended
to incorporate CPV effects, including also short
distance QCD corrections. In the SU(3) limit,
theD0 decay amplitudes intoK+K− and π+π−
final states are given by
A(D0 → K+K−) = a˜Σ + b˜∆,
A(D0 → π+π−) = −a˜Σ+ b˜∆,
(2)
where Σ and ∆ denote certain combinations
of the elements of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix, satisfying |∆| ≪ |Σ|,
while a˜ and b˜ represent particular strong inter-
action matrix elements described below. The
problem with the above expression is that rec-
onciling it with the observed ratio of the partial
rates Γ(D0 → K+K−)/Γ(D0 → π+π−) ≃ 2.8
requires a large (∼ three orders of magnitude)
enhancement of the matrix element b˜ with re-
spect to a˜. While significant enhancement can
2be motivated by empirical experience1, explain-
ing this ratio in the SU(3) limit would re-
quire an unacceptably large amount of CP vio-
lation in D0 decays [5]. Already in [5] it was
noted however that the most probable reso-
lution of this puzzle is to assume appreciable
SU(3) breaking effects in the processes at hand.
Below we present a detailed analysis of
SU(3) breaking in D decays (see [6–8] for re-
lated work). Under the fairly general assump-
tions that a)only leading symmetry breaking
effects, e.g., first order in ms, need be re-
tained, and b)lower SU(3) representations of
the weak Hamiltonian lead to somewhat en-
hanced hadronic matrix elements, much as in
the ∆I = 1/2 rule in neutral kaon decays, we
find that the observed asymmetry can easily
be reconciled with the measured values for the
partial rates without an unacceptably large en-
hancement of matrix elements. As a byproduct,
one can make a number of predictions about the
individual asymmetries in the decays of D0 into
K+K−, π+π−, as well as π0π0 final states.
In this work we have ignored the effect of
η − η′ mixing since the amplitudes we are in-
terested in do not involve the η meson. A more
complete analysis involving the η − η′ mixing
will be presented elsewhere.
The letter is organized as follows. In Sec. II
we briefly describe the general procedure of ap-
plying the SU(3) analysis to relating amplitudes
of different D meson decay modes to each other;
both the SU(3) limit and symmetry-breaking
expressions are derived. Sec. III A. deals with
the analysis of a particular subclass of D de-
cay channels that is of interest in light of the
recent LHCb results; we show that all observed
rates and CP asymmetries can easily be accom-
modated within the broken SU(3) framework.
1 Indeed, we will see below that b˜ contains a contribu-
tion from the matrix element of the SU(3) triplet part
of the weak Hamiltonian, while a˜ receives contribu-
tions only from higher representations. The enhance-
ment of lower representation matrix elements similar
to the ∆I = 1/2 rule in kaon physics is a well-known,
though poorly understood experience.
In Sec. III B. we discuss the predictions of the
framework, while all technical details including
the complete table of D decay amplitudes into
two pseudo-scalar mesons are collected in the
appendix.
II. SU(3) ANALYSIS
We start with reviewing the group structure
of hadronic weak currents. Following the nota-
tion of Quigg [4], the ∆C = −1 Hamiltonian
relevant for the analysis of D meson decays is
given by the following expression,
H = T 312 V11V
∗
22 + T
21
3 V12V
∗
21
+ (T 313 − T
21
2 )Σ + (T
13
3 − T
12
2 )∆. (3)
Here the tensor T ijk ≡ 3¯×8 = 3¯+6+15 is defined
(suppressing the V −A structure for simplicity)
in terms of the quark SU(3) triplet ψ as follows,
T ijk = (ψ¯
iψk)(ψ¯
jc)−
1
3
δik(ψ¯
lψl)(ψ¯
jc), (4)
while the elements of the CKM matrix Vij and
the quantities Σ and ∆ are given in the standard
notation by the following expressions,
Σ =
1
2
(V12V
∗
22 − V11V
∗
21),
∆ =
1
2
(V12V
∗
22 + V11V
∗
21).
(5)
We use the standard CKM parameterization [9]
with θ12 = 0.23, θ13 = 0.003, θ23 = 0.04, and
δ = 1.2. Numerically, |Σ|/|∆| ∼ 3000.
Below we consider the decays of a D-meson
into two pseudo-scalars. Bose statistics only al-
lows for symmetric final states, f = (8 × 8)s =
1 + 8 + 27, and the weak Hamiltonian (3) can
be written in terms of the different SU(3) rep-
3resentations as follows,
H =
(
1
2
[15]312 +
1
4
[6]22
)
V11V
∗
22
+
1
2
(
[15]313 − [15]
21
2 + [6]23
)
Σ
+
(
−
1
2
[15]111 +
3
4
[3¯]1
)
∆
+
(
1
2
[15]213 −
1
4
[6]33
)
V12V
∗
21,
(6)
where the corresponding representations are de-
fined in terms of the tensor T in the following
way,
[3¯]i = T ijj ,
[6]kl = εkijT
ij
l + εlijT
ij
k ,
[15]ijk = T
ij
k + T
ji
k −
1
4
δikT
jl
l −
1
4
δjkT
il
l .
(7)
Here upper/lower indices correspond the funda-
mental/antifundamental representation of the
flavor SU(3) group.
Consider a matrix element 〈f |O|i〉 between
an initial D meson state ir and a final state
f ij...mn... of an operator O
xy...
uv... contributing to the
Hamiltonian and belonging to some definite rep-
resentation of the symmetry group. Invariance
under SU(3) constrains the matrix elements to
be of the form,
〈f ij...mn...|O
xy...
uv...|ir〉 =MT
ij...xy...
mn...uv...r, (8)
where T represents a tensor made out of the in-
variant tensors δ’s and ε’s 2, while M denotes a
reduced matrix element encoding all the strong
dynamics of the system. Calculating the in-
variant tensor T for each group representation
contributing to the Hamiltonian, one can use
Eq. (8) to relate different matrix elements to
each other.
2 In general there can be more than one invariant tensor
with its own reduced amplitude on the right hand side
of (8).
Neglecting isospin breaking, one can
parametrize the breaking of flavor SU(3)
symmetry in strong interactions by
∆LQCD = −msψ¯λ
8ψ, (9)
with λ8 being one of the two diagonal Gell-
Mann matrices3. Incorporating the symmetry-
breaking to first order in the strange quark
mass, the SU(3) structure of the weak Hamil-
tonian becomes,
H =
(
3¯ + 6 + 15
)
×
(
1 + ǫ 8 +O(ǫ2)
)
⊃ 3¯ + 6 + 15 + ǫ
(
3¯i + 6i + 151 + 152
+15
1
3 + 15
2
3 + 243 + 423 + . . .
)
,
(10)
where the subscript i = (1,2,3) indicates which
of the (3¯, 6, 15) representations in (6) the SU(3)
breaking operators are obtained from, while ǫ
represents a formal parameter counting the or-
der of SU(3) breaking. Note that 15 × 8 in-
cludes yet another dimension-fifteen represen-
tation which we ignore here since upon closer
inspection its matrix elements between the de-
sired states vanish by group theory.
The complete list of invariant amplitudes in-
cluding the leading SU(3) breaking operators
is,
〈1|3(i)|3〉 = G(i),
〈8|3(i)|3〉 = F(i),
〈8|6(i)|3〉 = S(i),
〈8|15
(α)
(i) |3〉 = E
(α)
(i) ,
〈27|15
(α)
(i) |3〉 = T
(α)
(i) ,
〈27|24(i)|3〉 = H(i),
〈27|42(i)|3〉 = J(i).
(11)
The expressions for the amplitudes of(
D0, D+, D+s
)
decays into two pseudo-scalar
mesons in the framework of broken flavor SU(3)
symmetry are rather cumbersome. By making
a few assumptions motivated by empirical ex-
perience however, one can significantly simplify
the task of extracting phenomenology and even
making a number of nontrivial predictions out
of them. We turn to this task next.
3 This parameterization of SU(3) breaking was used for
obtaining the Gell-Mann-Okubo mass formulae [10,
11].
4III. PHENOMENOLOGY
A. D Meson Partial Decay Widths
The complete decay amplitudes including all
matrix elements arising from SU(3) breaking
are listed in Appendix A. In this section we
make a simplifying assumption that the matrix
elements associated with the three-dimensional
representations of SU(3) in the Hamiltonian are
somewhat enhanced compared to higher rep-
resentations. The assumption can be justi-
fied by at least two different lines of reason-
ing. First, the enhancement of hadronic ma-
trix elements of lower representations has been
established, albeit not well understood, in neu-
tral kaon systems – the famous ∆ = 1/2 rule.
The second, more practical justification is that
keeping only the triplet matrix elements from
the SU(3) breaking part of the Hamiltonian,
one can easily accommodate the known ratio
Γ(D0 → K+K−)/Γ(D0 → π+π−) and the
LHCb measurement of CP asymmetry. Con-
sidering more matrix elements will not change
this conclusion in any significant way. As a
byproduct, keeping only the triplets from the
SU(3) breaking sector will allow us to make
non-trivial predictions regarding the direct CP
violations in individual D0 decay channels, con-
sidered in the next section. In the rest of the pa-
per therefore, we will concentrate on the set of
amplitudes consisting of those associated with
unbroken SU(3) limit, (G,F, S,E, T ), supple-
mented with the matrix elements corresponding
to triplet operators in the Hamiltonian arising
from SU(3) breaking, (F1, G1, F2, G2, F3, G3).
Upon a closer inspection of decay amplitudes
listed in Appendix A, one can identify a sub-
set in which a relatively small number of lin-
ear combinations of different reduced matrix el-
ements is involved. This subset, on which we
will concentrate below, includes the following
amplitudes,
A(D0 → K−π+) = aV11V
∗
22,
A(D0 → K¯0π0) = −a+5T√
2
V11V
∗
22,
A(D0 → K¯0η) = −a+5T√
6
V11V
∗
22,
A(D0 → K+π−) = aV12V
∗
21,
A(D0 → K+K−) = (a+ c)Σ + b∆,
A(D0 → π+π−) = (−a+ c)Σ + b∆,
A(D0 → π0π0) = −a+5T+c√
2
Σ+ b−5T√
2
∆,
A(D+ → K¯0π+) = 5TV11V
∗
22,
A(D+ → π+π0) = 5T√
2
Σ− 5T√
2
∆, (12)
where we have defined,
a = 2T − S + E,
b =
3T + 2G+ F − E − F1 +
2
3F3 − 2G1 +
4
3G3
2
,
c =
F2 + 2F3 + 2G2 + 4G3
4
. (13)
The combination c of triplet matrix elements
corresponding to the SU(3) breaking part of
the Hamiltonian only comes with Σ, the CKM
combination with the large magnitude. As men-
tioned in Sec. I, in the SU(3) limit one has to
invoke an unacceptably large enhancement of
the triplet matrix element coming with ∆ for
explaining the ratio Γ(D0 → K+K−)/Γ(D0 →
π+π−). As one can see from (12) however, the
SU(3) breaking effects encoded in c can give rise
to the difference in the rates for D0 → K+K−
and D0 → π+π− without requiring b to play
any ro´le.
From the measured values for the partial de-
cay widths of (D0, D+) mesons into the final
states given above [9], one can extract infor-
mation about the absolute values of the com-
binations a, c and T , as well as the magni-
tudes of the relative phases4, |φca| = |φc − φa|,
|φTa| = |φT − φa|, where e.g. a = |a|e
iφa .
Performing the least χ2 fit on the correspond-
4 E.g. the decay rate Γ(D0 → K+K−) ∝ |Σ|2|a+c|2 =
|Σ|2(|a|2 + |c|2 + 2|a||c| cos(φc − φa)), being sensitive
only to |φc − φa|.
5ing branching ratios, one obtains5,
|a| = 0.00268 MeV,
|c| = 0.00148 MeV,
|T | = 0.00029 MeV,
φca = 0.897,
φTa = 4.674,
(14)
with the reduced chi-square χ2red ≃ 12. There
is also another solution with the signs of both
φca and φTa reversed. We note that |c| ∼< |a|
validates our use of SU(3) breaking in organiz-
ing the amplitudes, and |c|/|a| > 30% is due to
a mild enhancement of the triplet matrix ele-
ments.
Notice that knowledge of partial decay widths
only allows for the determination of phase dif-
ferences up to a sign. These signs on the other
hand will have effect on CP violation in D de-
cays to be discussed below.
B. CP Violation in D Decays
Having determined the best-fit values for the
parameters appearing in (12), one can proceed
to study CP violation in differentD decay chan-
nels. Following ref [5], for a decay into two
pseudo-scalar mesons D → PP with the am-
plitude given by
A (D → PP) = a˜Σ+ b˜∆,
we can write the CP asymmetry as,
ACP = −
2 Im(a˜∗b˜) Im(Σ∗∆)
|a˜|2|Σ|2 + |b˜|2|∆|2 + 2 Re(a˜∗b˜) Re(Σ∗∆)
,
≈ −2 Im
(
b˜
a˜
)
Im
(
∆
Σ
)
, (15)
5 As noted above, we will not need a huge enhance-
ment of |b| with respect to the rest of the amplitudes
for accommodating the observations; the partial de-
cay widths for the processes involving both Σ and ∆
are therefore dominated by terms proportional to Σ
in (12); for extracting information about CP violation
however, taking into account the ∆ - contributions is
of crucial importance.
where we have used |a˜Σ| ≫ |b˜∆| in the last step.
Using the latter equation along with the expres-
sions for the corresponding amplitudes given in
(12), one can determine the one-parameter set
of values for |b| and φba = φb − φa, compati-
ble with the measurement (1) reported by the
LHCb collaboration [1] . The results, includ-
ing 1σ deviation, are given in Fig. 1. Since
the observable depends only on the phase dif-
ference φca, but not on φTa, there are two pos-
sible cases corresponding to each sign of the for-
mer. Recalling the values for the magnitudes of
reduced amplitudes given in (14), one can see
that a huge enhancement of the combination b
(containing unbroken as well as broken SU(3)
triplet contributions) with respect to the rest of
the amplitudes is not required for accommodat-
ing the oberved data. In particular, we will be
mostly interested in the range for b, correspond-
ing to a factor of ∼ (10−50) enhancement with
respect to the combination a, containing the un-
broken SU(3) - limit matrix elements (T, S,E).
As mentioned above, such an enhancement is
motivated by the ∆ = 1/2 rule in Kaon decays.
We are now ready to discuss direct CP vi-
olation in individual D meson decay modes.
Since the expression for CP asymmetry given in
(14) is sensitive to the common sign of φca and
φTa, one should consider two cases, correspond-
ing to each of the possible signs. The depen-
dence of individual CP asymmetriesACP (D
0 →
K+K−), ACP (D0 → π+π−) and ACP (D0 →
π0π0) on the relative phase φba is shown for each
of the two possibilities in Fig. 2. We only plot
central values for asymmetries in order not to
overload the figures, while keeping the 1σ devi-
ation does not change results in any qualitative
way.
There are a number of observations we can
make from these plots. First of all, one can see
that depending on the amount of enhancement
of the triplet operators, |ACP (D
0 → π0π0)|
can be as large as a few percent. We also ex-
pect |ACP (D
0 → K+K−)−ACP (D0 → π0π0)|
to exceed |ACP (D
0 → K+K−) − ACP (D0 →
π+π−)| for a large part of parameter space.
Moreover, from a precise measurement of in-
dividual asymmetries in decays into K+K− and
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FIG. 1: Values of |b| and φba compatible with ACP (K
+K−)−ACP (π+π−) reported by the LHCb
collaboration. The yellow band represents a 1-σ deviation.
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FIG. 2: CP asymmetry in K+K− (red), π+π− (green) and π0π0 (blue) channels. The central
values of asymmetries shown here correspond to ACP (K
+K−)−ACP (π+π−) reported by the
LHCb collaboration.
π+π−, one can predict the value of ACP (D0 →
π0π0). CDF collaboration has recently re-
ported ACP (K
+K−) = −0.24 ± 0.24% and
ACP (π
+π−) = 0.22 ± 0.26% [12], which are
consistent with most of the parameter space,
considered in Fig. 2. Depending on the par-
ticular values of the phases φca and φTa, this
would imply ACP (π
0π0) ∼ (0.5 − 1)%, as seen
from the two plots in Fig. 2. The π0π0 final
state is difficult to observe experimentally; how-
ever, our framework makes it possible to make
predictions about asymmetries in other pseudo-
scalar final states (including the effects of η−η′
mixing), which can be more easily tested. The
complete analysis is in progress and will be ad-
dressed in a separate publication.
Note that the asymmetry ACP (D
+ → π+π0)
vanishes. This persists even if all SU(3) break-
ing matrix elements are included as can be seen
from Appendix A.
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Appendix A: Full SU(3) Breaking Decay
Amplitudes
In this appendix we collect the complete ex-
pressions for the amplitudes of (D0, D+, D+s )
7decays into two pseudo-scalar final states to
first order in SU(3) breaking. The notation for
matrix elements of different SU(3) representa-
tions of the weak Hamiltonian is defined in (11).
The notation for SU(3) - limit matrix elements
agrees with that of Quigg [4]6.
Amplitudes for D0 decays
K−pi+ : (2T+E−S+3E2+2E
a
3−4Eb3
4 +
2H2−H3
20
−J33 +
2S2+3S3
2 +
3T2+2T
a
3 −4T b3
2 ) V11V
∗
22
K¯0pi0 : (3T−E+S− 3E2+2E
a
3−4Eb3
4 −
6H2−3H3
10
− 2S2+3S32 +
9T2+6T
a
3 −12T b3
4 )
V11V
∗
22√
2
K¯0η : (3T−E+S− 3E2+2E
a
3−4Eb3
4 +
12H2−6H3
5
−2J3− 2S2+3S32 +
9T2+6T
a
3 −12T b3
4 )
V11V
∗
22√
6
K+pi− : (2T+E−S−Ea3+2Eb3+
6H2+5H3
20
−J33 −2S2−2T
a
3 +4T
b
3 ) V12V
∗
21
K0pi0 : (3T−E+S+Ea3−2Eb3−
3H2
10 +
3H3
4
+2S2−3Ta3 +6T b3 )
V12V
∗
21√
2
K0η : (3T−E+S+Ea3−2Eb3+
27H2
10 −
3H3
4
−2J3+2S2−3Ta3 +6T b3 )
V12V
∗
21√
6
K+K− : (2T+E−S+3E216 −
5Ea3
8 −
Eb3
4 +
F2+2F3
4
+
G2+2G3
2 +
H2
5 +
H3
10 −
13J3
30 −
S2
2 +
3S3
4
+
21T2
16 +
5Ta3
8 +
13T b3
4 )Σ
+
1
2 (3T+2G+F−E+
9E1
4 +E
a
3+E
b
3−F1+
2F3
3
−2G1+4G33 −
2H3
5 −
19J3
15 +
9S1
2
+
63T1
4 −3T
a
3 −3T b3 )∆
pi+pi− :−(2T+E−S+9E216 +
Ea3
8 +
5Eb3
4 −
F2
4 −
F3
2
−G22 −G3+
H2
5 +
H3
10 −
7J3
30 −
S2
2 +
3S3
4
+
3T2
16 −
13Ta3
8 −
5T b3
4 )Σ
6 Note that our SU(3) symmetry - limit results given
below exactly agree with those of [4], up to a conven-
tion of multiplying all same-particle final state ampli-
tudes by a factor of
√
2, which we use here.
+
1
2 (3T+2G+F−E−
27E1
4 +E
a
3+E
b
3−F1+
2F3
3
−2G1+4G33 +
2H3
5 +
J3
15−
9S1
2
− 9T14 −3T
a
3 −3T b3 )∆
pi0pi0 : 1√
2
(3T−E+S+9E216 +
Ea3
8 +
5Eb3
4 −
F2
4 −
F3
2
−G22 −G3+
H2
5 −
2H3
5 −
J3
15−
S2
2 +
3S3
4
+
3T2
16 +
27Ta3
8 +
15T b3
4 )Σ
+
1
2
√
2
(−7T+2G+F−E− 27E14 +E
a
3+E
b
3
−F1+2F33 −2G1+
4G3
3 −
3H3
5 +
2J3
5
− 9S12 −
9T1
4 +7T3a+7T3b)∆
K0K¯0 : (3E28 +
3Ea3
4 +
3Eb3
2 −
F2
2 −F3+
G2
2 +G3
+H2−H32 −
19J3
30 −
3T2
16 −
3Ta3
8 −
3T b3
4 )Σ
+ (−T2 +G−F+E+
9E1
4 −E
a
3−Eb3+F1−
2F3
3
−G1+2G33 +
J3
10−
9T1
8 +
Ta3
2 +
T b3
2 )∆
ηη : 1√
2
(−3T+E−S+9E216 +
Ea3
8 +
5Eb3
4 −
F2
4 −
F3
2
+
G2
2 +G3−
9H2
5 +
3H3
5 +
8J3
5 −
S2
2 +
3S3
4
− 27T216 −
3Ta3
8 −
15T b3
4 )Σ
+
1
2
√
2
(−3T+2G−F+E+27E14 −E
a
3−Eb3
+F1− 2F33 −2G1+
4G3
3 +
3H3
5 +
8J3
5
+
9S1
2 −
81T1
4 +3T
a
3 +3T
b
3 )∆
ηpi0 :− 1√
3
(3T−E+S+3E216 +
11Ea3
8 +
7Eb3
4 −
3F2
4 −
3F3
2
− 6H25 +
9H3
10 +
3J3
10 +
S2
2 −
3S3
4 +
9T2
4 +
3Ta3
2 +6T
b
3 )Σ
+
√
3
2 (−2T+F−E−
3E1
4 +E
a
3+E
b
3−F1+
2F3
3
+
H3
5 +
11J3
15 +
3S1
2 −9T1+2T3a+2T3b)∆
Amplitudes for D+ decays
K¯0pi+ : (5T−H22 +
H3
4 −
J3
3 +
15T2
4 +
5Ta3
2 −5T
b
3 ) V11V
∗
22
K0pi+ : (2T+E+S−Ea3+2Eb3−
3H2
10 +
H3
4 −
J3
3 +2S2
−2Ta3 +4T b3 ) V12V
∗
21
K+pi0 : (3T−E−S+Ea3−2Eb3+
3H2
10 +
3H3
4 −2S2
−3Ta3 +6T b3 )
V12V
∗
21√
2
K+η : (3T−E−S+Ea3−2Eb3−
27H2
10 −
3H3
4 −2J3
−2S2−3Ta3 +6T b3 )
V12V
∗
21√
6
8pi0pi+ : 1√
2
(5T+H32 −
J3
6 −5T
a
3 −5T b3 )Σ
+
1√
2
(−5T−H32 +
J3
6 +5T
a
3 +5T
b
3 )∆
pi+η : − 1√
6
(9T+2E+2S+3E28 −
5Ea3
4 −
Eb3
2 −
3F2
2 −3F3
− 12H25 +
3H3
10 −
19J3
10 +S2−
3S3
2 +
9T2
2 +9T
b
3 )Σ
+
1√
6
(−3T+3F+E− 9E14 −E
a
3−Eb3−3F1+2F3−
9H3
10
− 3J310 +
9S1
2 −27T1+3T
a
3 +3T
b
3 )∆
K+K¯0 : (3T−E−S− 3E216 +
5Ea3
8 +
Eb3
4 +
3F2
4 +
3F3
2
− 4H25 +
H3
10 −
19J3
30 −
S2
2 +
3S3
4 +
3T2
2 +3T
b
3 )Σ
+
1
2 (2T+3F+E−
9E1
4 −E
a
3−Eb3−3F1+2F3+
3H3
5
+
J3
5 +
9S1
2 +18T1−2T
a
3 −2T b3 )∆
Amplitudes for D+s decays
K¯0K+ : (2T+E+S+3E24 +
Ea3
2 −E
b
3+
2H2
5 −
H3
5 +
2J3
3
−S2− 3S32 +
3T2
2 +T
a
3 −2T b3 ) V11V
∗
22
ηpi+ :
√
2
3 (−3T+E+S+
3E2
4 +
Ea3
2 −E
b
3−
3H2
5 +
3H3
10
−J3−S2− 3S32 −
9T2
4 −
3Ta3
2 +3T
b
3 ) V11V
∗
22
K0K+ : (5T−H32 +
2J3
3 −5T
a
3 +10T
b
3 ) V12V
∗
21
K0pi+ : (−3T+E+S+9E216 +
Ea3
8 +
5Eb3
4 +
3F2
4 +
3F3
2
−H25 +
2H3
5 −
19J3
30 +
S2
2 −
3S3
4 −
3T2
4 +
3Ta3
2 )Σ
+
1
2 (2T+3F+E+
27E1
4 −E
a
3−Eb3−3F1+2F3−
3H3
5
+
J3
5 −
9S1
2 −9T1−2T
a
3 −2T b3 )∆
K+pi0 : 1√
2
(2T+E+S+9E216 +
Ea3
8 +
5Eb3
4 +
3F2
4 +
3F3
2 −
H2
5
− 3H35 +
J3
5 +
S2
2 −
3S3
4 −
3T2
4 −
7Ta3
2 −5T
b
3 )Σ
+
1√
2
(−4T+3F2 +
E
2 +
27E1
8 −
Ea3
2 −
Eb3
2 −
3F1
2 +F3
+
7H3
10 −
11J3
15 −
9S1
4 −
9T1
2 +4T
a
3 +4T
b
3 )∆
K+η : − 1√
6
(12T+E+S+9E216 +
Ea3
8 +
5Eb3
4 +
3F2
4 +
3F3
2
+
9H2
5 −
3H3
5 +
16J3
5 +
S2
2 −
3S3
4
+
27T2
4 +
3Ta3
2 +15T
b
3 )Σ
− 1√
6
(6T+3F2 +
E
2 +
27E1
8 −
Ea3
2 −
Eb3
2 −
3F1
2 +F3
− 3H310 +
8J3
5 −
9S1
4 +
81T1
2 −6T
a
3 −6T b3 )∆
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